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1
METHOD AND APPARATUS FOR
GENERATING AN OUTPUT SURFACE FROM
ONE OR MORE INPUT SURFACES IN DATA
PROCESSING SYSTEMS

BACKGROUND

The technology described herein relates to a method of and
an apparatus for generating an output surface (such as a
window to be displayed) from one or more input surfaces
(such as input windows) in data processing systems.

Many known electronic devices and systems use windows
for displaying information, such as a graphical user interface,
game, demo, etc., to a user on a display screen (and for
allowing a user to interact with an application or applications
being executed). A common way of displaying such windows
is to use a so-called compositing window system, in which the
individual windows are first stored in (rendered to) respective
window buffers, and then the individual window buffers (i.e.
their content) are combined appropriately into a unified frame
buffer for the display in question in order to display the
windows to the user. In this arrangement, the individual input
windows will accordingly form one or more input surfaces
that are then combined by the compositing window system
into an output surface (the unified frame buffer) for display.

While such compositing window systems are generally
believed to be preferable to systems where each window is
rendered to the frame buffer directly, they can still require
significant resources in terms of memory bandwidth, process-
ing and power consumption.

Studies have shown that with mobile device use, most of
the time (around 75%) is spent on User Interface (UI) gen-
eration and composition, whereas around 15% is spent on
basic 3D apps and 3D composition and the remaining 10% is
spent on less basic 3D apps and games and their composition.

Composition uses a significant amount of memory band-
width and power. For example, a study has shown that 2,179
MB/s is consumed for an Android type application for HD
resolutions in many systems.

The Applicants believe that there remains scope for
improvements to arrangements, such as compositing window
systems, in which an output surface is generated from one or
more input surfaces.

BRIEF DESCRIPTION OF THE DRAWINGS

A number of embodiments of the technology described
herein will now be described by way of example only and
with reference to the accompanying drawings, in which:

FIG. 1 is a schematic diagram illustrating the mapping of
two input surfaces onto a single output surface;

FIG. 2 is a schematic diagram illustrating the mapping of
two input surfaces onto a single output surface where a tile in
an input surface maps onto multiple output tiles;

FIG. 3 is a schematic diagram illustrating the mapping of
three input surfaces onto a single output surface with varying
scaling applied to the different input surfaces;

FIG. 4 is a schematic diagram illustrating the mapping of
three input surfaces onto a single output surface with scaling
and an opaque input surface;

FIG. 5 is a schematic diagram illustrating an input surface
and its corresponding signatures;

FIG. 6 is a schematic diagram illustrating a memory map
for two input surfaces and their corresponding output surface;

FIG. 7 is a flow diagram illustrating the process for gener-
ating a region in an output surface;
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2

FIG. 8 shows schematically the operation of a compositing
window system for displaying windows on a display;

FIG. 9 shows schematically an embodiment of the technol-
ogy described herein.

FIG. 10 shows schematically an embodiment in which the
technology described herein is used in conjunction with a
tile-based graphics processor; and

FIG. 11 shows schematically and in more detail the signa-
ture generation unit of the embodiment shown in FIG. 10.

Like reference numerals are used for like features through-
out the drawings, where appropriate.

DETAILED DESCRIPTION

A first embodiment of the technology described herein
comprises a method of generating an output surface from one
or more input surfaces in a data processing system, the
method comprising:

generating the output surface as a plurality of respective
regions that together form the output surface, each respective
region of the output surface being generated from a respective
region or regions of one or more input surfaces; and

when a new version of the output surface is to be generated,
for at least one region of the output surface:

(1) determining which region or regions of the input surface
or surfaces contribute to the region of the output surface;

(i1) checking whether the contributing region or regions of
the input surface or surfaces have changed since the previous
version of the output surface region was generated; and

(ii1) if there has been a change in the contributing region or
regions of the input surface or surfaces since the previous
version of the region in the output surface was generated,
regenerating the region of the output surface.

A second embodiment of the technology described herein
comprises an apparatus for generating an output surface from
one or more input surfaces in a data processing system, the
apparatus comprising:

memory that stores one or more input surfaces to be used to
generate an output surface; and

processing circuitry configured to generate an output sur-
face as a plurality of respective regions that together form the
output surface, each respective region of the output surface
being generated from a respective region or regions of one or
more of the input surfaces; wherein:

the processing circuitry is further configured to, when a
new version of the output surface is to be generated:

for at least one region of the output surface, determine
which region or regions of the input surface or surfaces con-
tribute to the region of the output surface;

check whether the contributing region or regions of the
input surface or surfaces have changed since the previous
version of the output surface region was generated; and

if there has been a change in the contributing region or
regions of the input surface or surfaces since the previous
version of the region in the output surface was generated,
regenerate the region of the output surface.

The technology described herein relates to arrangements in
which an output surface, such as a frame to be displayed in a
compositing window system, is generated by generating
respective regions of the output surface from respective
regions of one or more input surfaces (such as application
windows in a compositing window system). However, when
anew version of the output surface is to be generated, it is first
determined which region(s) of an input surface or surfaces
contribute to (i.e. will be used to generate) a region of the
output surface in question, and checked whether the contrib-
uting region or regions of the input surface(s) have changed
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since the region of the output surface was last generated.
Then, if there has been a change in the contributing region or
regions of the input surface(s), the region of the output surface
is regenerated.

The Applicants have recognised that in, for example, com-
positing window systems, most of the time the majority of the
user interface for the composition frames are unaltered, such
that the majority of the final output frame may be unchanged
as between successive output frames. This could then mean
that much of the bandwidth and power used to recompose the
final output frame is in fact unnecessary. The technology
described herein addresses this by determining whether the
regions of the input surfaces contributing to a given region of
the output surface have changed, before the region of the
output surface is regenerated when a new version of the
output surface (e.g. frame) is to be generated.

Moreover, the technology described herein determines
which region or regions of the input surface or surfaces con-
tribute to the region of the output surface in question before
checking whether those input region or regions have changed
(such that the output region should then be regenerated). This
allows the technology described herein to, in particular, take
account of the situation where a given region of the output
surface will in fact be formed from (using) two or more (a
plurality of) input surface regions.

Also, as will be discussed further below, this allows the
technology described herein to, inter alia, take account of
situations in which the input surface or surfaces may be scaled
when being used to generate regions of the output surface. For
example, the technology described herein can take account of
situations in which, for example, there is a 1:n and/or n:1
mapping of regions between the input surface or surfaces and
the output surface and also as between the input surface and
the output surface as a whole.

The Applicants have recognised that in compositing win-
dow systems, for example, some input surfaces that are to be
composited may be scaled. For example, the output of a video
engine may be scaled into a window in the GUI (Graphical
User Interface). The technology described herein, by first
determining which region or regions of the input surface or
surfaces contribute to a region of the output surface allows
such scaling to be taken account of when generating the
output surface.

The input surface or surfaces and the output surface may be
any suitable and desired such surfaces. As will be appreciated
from the above, in one embodiment the technology described
herein is used in a compositing window system, and so the
input surface or surfaces are an input window or windows (to
be displayed), and the output surface is an output frame
(composited window) for display.

Correspondingly, in an embodiment, the data processing
system is a system for displaying windows, e.g. for a graphi-
cal user interface, on a display, and, in an embodiment, a
compositing window system.

However, other arrangements would be possible. For
example, the output surface could be some intermediate win-
dow that is then itself to be composed with other windows into
a final output window (frame) for display, or the output sur-
face could, e.g. be some form of data structure, such as a
graphics texture, that is intended to be used in further, e.g.,
graphics, processing.

In an embodiment, the input and output surfaces are all
images, e.g. frames for display. The output surface is, in an
embodiment, stored for use once it has been generated. In an
embodiment it is displayed.

The input surfaces can be generated as desired, for example
by being appropriately rendered and stored into a buffer by a
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4
graphics processing system (a graphics processor), as is
known in the art. In a compositing window system, the input
surface windows may be, e.g., fora game, a demo, a graphical
user interface, etc., as is known in the art.

The output surface can correspondingly be generated from
the input surface or surfaces as desired, for example by blend-
ing or otherwise combining the input surfaces. The process
can also involve applying transformations (skew, rotation,
scaling, etc.) to the input surface or surfaces, if desired. This
process can be performed by any appropriate component of
the data processing system, such as a graphics processor, as is
known in the art.

There may only be one input surface that is being used to
generate the output surface, but, in an embodiment, there are
plural (two or more) input surfaces that are being used to
generate the output surface. In this case, the operation in the
manner of the technology described herein will comprise
determining which regions of each of two or more input
surfaces contribute to a region of the output surface and then
checking whether the contributing regions of the input sur-
faces have changed since the previous version of the output
surface region was generated.

There may only be a single region from an (or from each)
input surface that contributes to the output surface region, or
there may be two or more regions of the, or of one or more of
the, input surfaces that contribute to the output surface region.

It will be appreciated that the technology described herein
is particularly applicable to arrangements in which a succes-
sion of output surfaces, e.g. frames to be displayed, are gen-
erated from a succession of input surfaces (that may, e.g.,
remain the same, or vary over time (and, in an embodiment,
this is the case)). Thus the technology described herein, in an
embodiment, comprises generating a succession of output
surfaces, and when each new version of the output surface is
to be generated, carrying out the operation in the manner of
the technology described herein. Thus, in an embodiment the
process of the technology described herein is repeated for
plural versions of a given output surface that are being gen-
erated (and as they are generated), and, in an embodiment, as
each successive new version of the output surface is gener-
ated.

The regions of the input and output surfaces that are con-
sidered and used in the technology described herein can each
represent any suitable and desired region (area) of the surface
in question. So long as the surface in question is able to be
divided or partitioned into a plurality of identifiable smaller
regions each representing a part of the overall surface that can
be identified and processed in the manner of the technology
described herein, then the sub-division of the surfaces into
regions can be done as desired.

In embodiments, the regions correspond to respective
blocks of data corresponding to respective parts of the overall
array of data that represents the surface in question (as is
known in the art, the surfaces will typically be represented as,
and stored as, arrays of sampling position or pixel data).

All the surfaces can be divided into the same size and shape
regions (and in an embodiment this is done), or, alternatively,
different surfaces could be divided into different sized shapes
and regions (for example the input surface or surfaces could
use one size and shape region, whereas the output surface
could use another size and shape region).

The region size or sizes that are used may also depend upon
the process whereby the input surfaces are combined to gen-
erate the output surface (for example if there is any form of
scaling as between the input surface or surfaces and the output
surface).
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Each surface region (e.g. block of data) in an embodiment
may represent a different part (region) of the surface (data
overall array) (although the regions could overlap if desired).
Each region (data block) should ideally represent an appro-
priate portion (area) of the surface (data array), such as a
plurality of data positions within the surface. Suitable region
sizes could be, e.g., 8x8, 16x16 or 32x32 data positions in the
surface data array.

In some embodiments, the surfaces are divided into regu-
larly sized and shaped regions (e.g. blocks of data), which, in
an embodiment, are in the form of squares or rectangles.
However, this is not essential and other arrangements could
be used if desired.

In some embodiments, each surface region corresponds to
a rendered tile that a graphics processor or video engine that
is rendering (generating) the surfaces produces as its render-
ing output. This is a particularly straightforward way of
implementing the technology described herein, as the graph-
ics processor will generate the rendering tiles directly, and so
there will be no need for any further processing to “produce”
the surface regions that will be considered in the manner of
the technology described herein.

Additionally, in such cases, when the processor is gener-
ating the input surface regions (tiles). it can also generate a
signature for each region (tile) at the same time as the region
(tile) data. If the processor is generating a composited ren-
dered outputregion (tile), it will be working on regions and so
will work well with embodiments which include looking at
signatures of the input surface regions (tiles). Also, the pro-
cessor may generate and store a signature for the composited
rendered output region (tile). This would be useful if the
output surface is later to be used as an input surface, for
example.

(As is known in the art, in tile-based rendering, the two
dimensional output array or frame of the rendering process
(the “render target”) (e.g., and typically, that will be displayed
to display the scene being rendered) is sub-divided or parti-
tioned into a plurality of smaller regions, usually referred to
as “tiles”, for the rendering process. The tiles (regions) are
each rendered separately (typically one after another). The
rendered tiles (regions) then form the complete output array
(frame) (render target), e.g. for display.

Other terms that are commonly used for “tiling” and “tile
based” rendering include “chunking” (the regions are
referred to as “chunks”) and “bucket” rendering. The terms
“tile” and “tiling” will be used herein for convenience, but it
should be understood that these terms are intended to encom-
pass all alternative and equivalent terms and techniques.)

In these arrangements of the technology described herein,
the (rendering) tiles that the surfaces are divided into for
rendering purposes can be any desired and suitable size or
shape. The rendering tiles in some embodiments are all the
same size and shape, as is known in the art, although this is not
essential. In some embodiments, each rendered tile is rectan-
gular (including square), and, in some embodiments, 8x8,
16x16,32x32,32x4 or 32x1 sampling positions in size. Non-
square rectangular regions, such as 32x4 or 32x1 may be
better suited for output to a display.

In some embodiments, the technology described herein is
also or instead performed using surface regions of a different
size and/or shape to the tiles that the rendering process oper-
ates on (produces).

For example, in some embodiments, the surface regions
that are considered in the manner of the technology described
herein may be made up of a set of plural “rendering” tiles,
and/or may comprise only a sub-portion of a rendering tile. In
these cases there may be an intermediate stage that, in effect,
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“generates” the desired surface regions from the rendered tile
or tiles that the graphics processor generates.

The regions of the input surface or surfaces that contribute
to (i.e. will be used to generate) the region of the output
surface in question (and that should then be checked in the
manner of the technology described herein) can be deter-
mined as desired. In one embodiment this is done based on the
process (e.g. algorithm) that is to be used to generate the
region of the output surface from the region or regions of the
input surface or surfaces. For example, the determination may
be based on the compositing algorithm (process) that is being
used. A compositing algorithm may specify how (e.g. size,
position and/or orientation) an input window (surface) is dis-
played in the output frame (surface).

In another embodiment, a record is maintained of the input
surface region or regions that contributed to (have been used
to generate) each respective output surface region, and then
that record is used to determine which region or regions of the
input surface or surfaces contribute to the region of the output
surface in question. The record may, for example, comprise
data, such as meta data, representing which region or regions
of the input surface or surfaces contribute to a region of the
output surface. The data may specify a list of coordinates or
other labels representing the region or regions, for example.

In this case, a record could be maintained, for example, of
those input surface regions that contribute to the output sur-
face region (and in an embodiment this is done), or the record
could indicate the input surface regions that do not contribute
to the output surface region.

In another embodiment, the input surface regions that con-
tribute to an output surface region are determined based on the
process that is being used to generate the output surface
region (i.e. algorithmically), but a record is also maintained
indicating if any of the so-determined surfaces do not in fact
contribute to the output surface region (and so do not need to
be checked for the purposes of the technology described
herein (and then those indicated surfaces are not checked)).

Thus, in an embodiment, a record is maintained of those
input surface regions that the process that is being used to
generate the output surface region would use, but that will not
in fact (in practice) contribute to the output surface region,
and it is then determined which input surface regions contrib-
ute to the output surface region by removing (subtracting) the
input surface regions in the record from the set of input
surface regions that the process that is being used to generate
the output surface region will use. This may be more appro-
priate, for example, where the list of non-contributing input
surface regions is relatively short compared to the list of
contributing input surface regions.

In some embodiments, the step of determining which
region or regions of the input surface or surfaces contribute to
the region of the output surface includes first determining
which input surface or surfaces contribute to the region of the
output surface, and then determining which region or regions
of that input surface or those input surfaces contribute to the
region of the output surface.

In some embodiments, the step of determining which
region or regions of the input surface or surfaces contribute to
the region of the output surface includes first determining
which version of the input surface or surfaces contribute to the
region of the output surface.

The step of checking whether the determined contributing
region or regions of the input surface or surfaces have
changed since the previous version of the output surface
region was generated can be performed in any desired and
suitable manner.
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The checking of whether a contributing region of an input
surface has changed since the previous version of the output
surface region was generated is, in an embodiment, per-
formed by comparing the current version of the region of the
input surface (i.e. that will be used to generate the new version
of'the output surface region to be generated) with the version
of'the region of the input surface that was used to generate the
previous version of the output surface region (to see if the
input surface region has changed).

In these arrangements, the comparison of the current ver-
sion of the input surface region with the version of the input
surface region that was used to generate the previous version
of the output surface region should be so as to determine
whether the new version is the same as (or at least sufficiently
similarto) the previous version or not. This can be done in any
suitable and desired manner. Thus, for example, some or all of
the content of the current input surface region may be com-
pared with some or all of the content of the previously used
input surface region (and in some embodiments this is done).

In embodiments, the comparison is performed by compar-
ing information representative of and/or derived from the
content of the current version of the input surface region in
question with information representative of and/or derived
from the content of the version of that input surface region
that was used to generate the previous version of the output
surface region, e.g., and in some embodiments, to assess the
similarity or otherwise of the input surface regions.

The information representative of the content of the input
surface regions is in some embodiments in the form of infor-
mation representative of the content of each surface region
(e.g. rendered tile). This information for each input surface
region (e.g. rendered tile) may take any suitable form, butis in
some embodiments based on or derived from the content of
the respective input surface region. In embodiments, it is in
the form of'a “signature” for the input surface region which is
generated from or based on the content of the input surface
region (e.g. the data block representing the input surface
region). Such a region content “signature” may comprise,
e.g., and in some embodiments, any suitable set of derived
information that can be considered to be representative of the
content of the region, such as a checksum, a CRC, or a hash
value, etc., derived from (generated for) the data for the input
surface region. Suitable signatures would include standard
CRCs, such as CRC32, or other forms of signature such as
MDS5, SHA-1, etc.

Thus, in embodiments, a signature indicative or represen-
tative of, and/or that is derived from, the content of each input
surface region is generated for each input surface region that
is to be checked, and the checking process comprises com-
paring the signatures of the respective input surface regions
(in embodiments to determine whether the signatures repre-
senting the respective versions of the input surface region in
question has changed since the current version of the output
surface region was generated).

Thus, in some embodiments, when the system is operating
in the manner of the technology described herein, a signature,
such as a CRC value, is generated for respective regions for
the input surface or surfaces (e.g. and in an embodiment, for
each input surface region, e.g. rendered tile, that is generated
for the input surface or surfaces). Any suitable “signature”
generation process, such as a CRC function or a hash func-
tion, can be used to generate the signature for a region.

The signatures for the input surface regions (e.g. rendered
tiles) should ideally be stored appropriately, and associated
with the regions of the input surfaces to which they relate. In
some embodiments, they are stored with the input surfaces in
the appropriate, e.g., window, buffers. Then, when the signa-
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tures need to be compared, the stored signature for a region
may be retrieved appropriately.

The checking process may, e.g., require an exact match for
an input surface region to be considered not to have changed,
or only a sufficiently similar (but not exact) match, e.g., that
exceeds a given threshold, could be required for the region to
be considered not to have changed.

The signature generation, where used, may be imple-
mented as desired. For example, it may be implemented in an
integral part of the graphics processor that is generating (ren-
dering) the input surfaces, or there may, e.g., be a separate
“hardware element” that is intermediate the graphics proces-
sor and the buffer where the surfaces are stored.

A (re)generated output surface may later be used as an
input surface. Thus, as an output surface region is being
(re)generated, in some embodiments this step may include
generating, and, in some embodiments, storing, a signature
for the output surface region.

The input surface region checking process may similarly
be implemented as desired. For example, an application and/
or a window compositor could carry out this process.

As will be appreciated, it should be, and in embodiments is,
checked whether each respective contributing input surface
region to be checked has changed since the previous version
of'the output surface region was generated. Thus, in embodi-
ments, for each input surface region that it has been deter-
mined will contribute to the output surface region and so
should be checked to see if it has changed, the current version
of'that input surface region is compared (e.g., and, in embodi-
ments, by means of a signature comparison process) to the
version of that input surface region that was used to generate
the previous version of the output surface region, to see if the
input surface region has changed.

Correspondingly where there are two or more input sur-
faces that contribute to the output surface, the determined
contributing regions in each input surface will be checked
(and if there has been a change in the contributing region or
regions of any of the input surfaces since the previous version
of'the output surface region was generated, then the region of
the output surface will be regenerated).

In an embodiment, if the number of input surface regions
that contribute to an output surface region exceeds a particu-
lar, in embodiments selected, in embodiments predetermined,
threshold number, then rather than checking whether any of
the input surface regions have changed, the output surface
region is simply regenerated without performing any check as
to whether any of the input surface regions have changed.
Each input surface region list (i.e. a list of input surface
regions that contribute to an output surface region) may only
be allocated a limited amount of memory so, for example, in
the case that 2568 is provided per list, the threshold could be
128 regions.

Similarly, in an embodiment, if the number of input sur-
faces that contribute to a given output surface region exceeds
a particular, in an embodiment selected, in an embodiment
predetermined threshold number, then again the output sur-
face region is in an embodiment simply regenerated without
first checking whether any of the input surface regions have
changed. Each input surface list (i.e. list of input surfaces that
contribute to an output surface region) may only be allocated
a limited amount of memory so, for example, in the case that
256B is provided per list, the threshold could be 128 surfaces.
The method may comprise considering the probability of one
of the input surface regions changing between regenerations
of'the output surface. For example, the probability that at least
one of the input surface regions will have changed could be
considered, and if this probability exceeds a given threshold
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value then again the output surface region is in an embodi-
ment simply regenerated without first checking whether any
of'the input surface regions have changed. This may be appro-
priate where the input surface comprises video content.

In these arrangements, the respective output surface
regions for which the input surface regions will not be
checked, may, e.g., be marked, e.g. in metadata, as not to be
checked (and thus simply to be regenerated for the next ver-
sion of the output surface).

These arrangements allow the input surface checking pro-
cess to be omitted in situations where, for example, that
process may be relatively burdensome, for example because
of the number of input surface regions that need to be
checked.

In these arrangements, where a record is maintained of the
input surface regions that contribute to a given output surface
region, then correspondingly where the number of input sur-
face regions that contribute to a given output surface region
exceeds the threshold value, in an embodiment the record of
the input surface regions that contribute to the output surface
region is not maintained (is not stored) for the output region in
question. This again accordingly sets a cap on the amount of
data that could need to be stored for identifying which input
surface regions contribute to a given output surface region.

In an embodiment, as well as or instead of (and, in an
embodiment, as well as) comparing respective input surface
regions to determine whether they have changed, it is also
possible to perform the comparison for larger areas of an
input surface, for example, for areas that encompass plural
regions of the input surface, and/or for the input surface as a
whole.

In this case, in an embodiment, content representing sig-
natures are also generated and stored for the respective larger
areas (e.g. for the entire input surface) of the input surface that
could be considered.

In such an embodiment, when the number of regions from
a given input surface that contribute to an output region
exceeds a particular, in an embodiment selected, in an
embodiment predetermined, threshold number of input sur-
face regions, then instead of comparing each input region
individually to determine if it has changed, a larger area of the
input surface, e.g. the input surface as a whole, is, in an
embodiment, compared to determine if it has changed, and
then a decision as to whether the individual surface regions
have changed is made accordingly. Thus, for example, in one
embodiment, when the number of regions from an input sur-
face that contribute to an output surface region exceeds a
threshold value, rather than checking if each input region
surface has changed individually, a determination is made as
to whether the input surface as a whole has changed (and then
the output surface region regenerated if it is determined that
the input surface as a whole has changed).

In these arrangements, the threshold for checking whether
larger areas of the input surface has changed instead of indi-
vidual regions of the input surface could be the same as, or
different to, the threshold value for aborting the checking
process entirely. In an embodiment, there are at least two
threshold numbers of input surface regions that contribute to
an output surface region that are checked, a first, lower thresh-
old number of input surface regions that triggers checking
whether a larger area of the input surface has changed, and
then a second, higher number of input surface regions that
triggers simply regenerating the output surface region with-
out performing any check as to whether the input surface
regions could have changed.

In an embodiment it is determined whether any input sur-
face regions that should be used to generate to the output

25

30

35

40

45

55

65

10

surface region will not be visible in the output surface region,
and then only the input surface regions which will be visible
in the output surface region are considered to be input surface
regions that will contribute to the output surface region and so
checked to see if they have changed. Input surface regions
may not be visible in an output surface region because, for
example, they are behind other opaque input surfaces that
occlude them.

In an embodiment, this process accordingly comprises
determining whether any of the input surfaces having regions
that would be used to generate an output surface region will be
occluded by other input surfaces that have regions that will be
used to generate the output surface region (and if so, not
checking whether the regions in the occluded input surface
have changed or not).

Accordingly, in an embodiment, it is determined whether
any of the input surfaces having regions that will be used to
generate the output surface region lie behind and are com-
pletely covered by opaque regions of another input surface
that will be used to generate the output surface region. This
check could simply determine whether there is a nearer
opaque input surface that completely covers the input surface
in question, or it could, e.g., be performed by considering
respective regions of the input surfaces, as desired.

Thus, in an embodiment, it is determined which region or
regions of an (and of each) input surface that is to be used to
generate the output surface region will be visible in the output
surface region in question, and the check as to whether the
input surface regions are changed is only performed for those
input surface regions that it has been determined will be
visible in the output surface region. This avoids performing
any redundant processing for input surface regions which will
not in fact be visible in the output surface region.

In an embodiment, if any transformation that is applied to
aninput surface whose regions contribute to an output surface
region changes, then the output surface region is regenerated.
This straightforwardly allows for the fact that any change in
the transformation being applied to an input surface region
that contributes to an output surface region is likely to mean
that the output surface region will change.

In one embodiment, this is implemented such that if any of
the contributing input surfaces has/have been transformed
since the output surface was last generated, the region (and, in
some embodiments, all of the regions) of the output surface
are regenerated. For example, if any of the one or more input
surfaces have been re-sized, moved, rotated and/or brought
forwards or backwards in a display hierarchy of multiple
overlapping surfaces, then, in embodiments, the region(s) of
the output surface are regenerated (and, in embodiments, the
whole output surface is regenerated).

In one embodiment, the method comprises, if an input
surface has been transformed since the output surface was last
generated, determining which region or regions of the output
surface are altered (e.g. changed or affected) as a conse-
quence of or by the transformed input surface and then regen-
erating that region or those regions of the output surface.
Thus, only the region or regions of the output surface which
are affected by a transformed input surface need to be regen-
erated, rather than the whole output surface.

Similarly, if the front to back ordering of the contributing
input surfaces changes, then, in embodiments, the region(s)
of'the output surface are regenerated (and, in an embodiment,
the whole output surface is regenerated).

Equally, in an embodiment, if the set of input surfaces that
contribute to the output surface and/or if the set of input
surfaces that contribute to the output surface region changes,
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then, in an embodiment, the region(s) of the output surface are
regenerated (and, in an embodiment, the whole output surface
is regenerated).

Similarly, if the set of input surface regions that contribute
to the output surface region changes, then the output surface
region is, in an embodiment, regenerated.

While it would be possible, for example, to check whether
any of the contributing input surfaces has been transformed
on an output surface region by output surface region basis, in
an embodiment, it is determined whether any of the input
surfaces that will be used to generate the output surface has
been transformed since the output surface was last generated
before determining for at least one output surface region the
input surface region or regions that contribute to the output
surface region, and then checking whether those contributing
input surface regions have changed.

If any of the contributing input surfaces has been trans-
formed, the output surface is, in an embodiment, then regen-
erated as a whole (without determining for at least one output
surface region the input surface region or regions that con-
tribute to the output surface region, and then checking
whether those contributing input surface regions have
changed), but if the contributing input surfaces have not been
transformed, then the process of determining for at least one
output surface region the input surface region or regions that
contribute to the output surface region, and then checking
whether those contributing input surface regions have
changed or not is performed.

In other words, it is, in an embodiment, first checked
whether any of the contributing input surfaces has been trans-
formed for the output surface as a whole, and the process of
determining for at least one region of the output surface,
which region or regions of the input surface or surfaces con-
tribute to the region of the output surface and then checking
whether any of those contributing regions have changed is
only performed if it is determined that none of the contribut-
ing input surfaces has been transformed.

Similarly, it is, in an embodiment, first checked for the
output surface as a whole whether the front to back ordering
of the contributing input surfaces has changed since the out-
put surface was last generated, and if so, the output surface is,
in an embodiment, then regenerated as a whole (without
determining for at least one output surface region the input
surface region or regions that contribute to the output surface
region, and then checking whether those contributing input
surface regions have changed), but if the front to back order of
the contributing input surfaces has not changed, then the
process of determining for at least one output surface region
the input surface region or regions that contribute to the
output surface region, and then checking whether those con-
tributing input surface regions have changed or not is per-
formed.

Similarly, it is, in an embodiment, first checked for the
output surface as a whole whether the set of input surfaces
that contribute to the output surface has changed since the
output surface was last generated for the output surface as a
whole, and if so, the output surface is, in an embodiment, then
regenerated as a whole (without determining for at least one
output surface region the input surface region or regions that
contribute to the output surface region, and then checking
whether those contributing input surface regions have
changed), but if the set of contributing input surfaces has not
changed, then the process of determining for at least one
output surface region the input surface region or regions that
contribute to the output surface region, and then checking
whether those contributing input surface regions have
changed or not is performed.
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In some embodiments, the system is configured to always
regenerate each output surface region periodically, e.g., once
a second, and/or once every particular, e.g., selected, number
of'versions of the output surface (e.g. every certain number of
output frames). This will then ensure that each output surface
region is regenerated at least at a minimum, selected period of
time. This may thereby avoid, e.g., erroneously matched input
surface regions (e.g. because their signatures happen to match
even though their content actually varies) causing an output
surface region to not be regenerated for more than a given, e.g.
desired or selected, period of time.

A saturating counter, for example, may be provided to
count the number of frames that the region was unchanged
for, and if this number exceeds a certain, in an embodiment
selected, in an embodiment predefined value, such as 60 (e.g.
with a 60 Hz output display rate), then the region of the output
frame may be regenerated. In an embodiment, each output
surface region is regenerated at least once per second.

In this case, the output surface region(s) may be regener-
ated, e.g., by simply writing out an entire new output surface
periodically (e.g. once a second). However, in some embodi-
ments, new versions of output surface regions are written out
to the output surface individually on a rolling basis, so that
rather than writing out a complete new version of an output
surface in one go, a selected portion of the output surface is
written out anew each time a new version of the output surface
is generated, in a cyclic pattern so that over time all of the
output surface is eventually written out as new.

This operation is, in some embodiments, achieved by dis-
abling the input surface region checking process for the rel-
evant output surface regions (i.e. for those regions that are to
be written to the output surface in full). (Content signatures
are in some embodiments still generated for the regions that
are written to the output surface in full, as that will then allow
those regions to be compared with future input surface
regions.)

If the output surface region is to be regenerated then it
should be re-generated (i.e. generated afresh) using the input
surface regions in the appropriate manner for the output sur-
face generation process that is being performed. Thus, this
could comprise, for example, re-compositing and/or re-writ-
ing the data for displaying the region of the output surface to
the output, e.g. frame, bufter that is storing the output surface.

On the other hand, if it is determined that there has not been
a change in the contributing input surface region or regions
since the previous version of the output surface region was
generated, then the region of the output surface (to which the
region or regions of the input surface(s) contribute) should
not be, and, in an embodiment, is not, regenerated (i.e. the
existing version of the output surface region (of the data for
the region of the output surface) is retained in the, e.g., buffer
that is storing the output surface (and reused). In this way,
memory bandwidth and power is not spent on processing
output surface regions that should not have changed.

Although the technology described herein has been
described above with particular reference to the processing of
a single region of the output surface, as will be appreciated by
those skilled in the art, where the output surface is made up of
plural regions, the technique of the technology described
herein can be, and is, in an embodiment, used for plural, and,
in an embodiment, for each, respective region of the output
surface. Thus, in an embodiment, plural regions of, and, in an
embodiment, each region of, the output surface are processed
in the manner of the technology described herein. In this way,
the whole output surface will be generated by the process of
the technology described herein.
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The output surface region regeneration can be triggered
and performed as desired, e.g. by whichever component con-
trols the generation of the output surface from the input sur-
faces. Thus, in one embodiment, the system includes a win-
dow compositor or composition engine that will generate and
regenerate the output surface from the one or more input
surfaces in the appropriate manner. In other arrangements, an
application may control and be responsible for the regenera-
tion of the output surfaces from the input surfaces.

The input surface(s) and the output surface can be stored in
any suitable and desired manner in memory. They are, in an
embodiment, stored in appropriate buffers. For example, the
output surface is, in an embodiment, stored in an output frame
buffer.

The output surface buffer may be an on-chip buffer or it
may be an external buffer (and, indeed, may be more likely to
be an external buffer (memory), as will be discussed below).
Similarly, the output surface buffer may be dedicated memory
for this purpose or it may be part of a memory that is used for
other data as well. In some embodiments, the output surface
buffer is a frame buffer for the graphics processing system
that is generating the surfaces and/or for the display that the
surfaces are to be displayed on.

Similarly, the buffers that the input surfaces are first written
to when they are generated (rendered) may comprise any
suitable such buffers and may be configured in any suitable
and desired manner in memory. For example, they may be an
on-chip buffer or buffers or may be an external buffer or
buffers. Similarly, they may be dedicated memory for this
purpose or may be part of a memory that is used for other data
as well. The input surface buffers can be, e.g., in any format
that an application requires, and may, e.g., be stored in system
memory (e.g. in a unified memory architecture), or in graph-
ics memory (e.g. in a non-unified memory architecture).

In an embodiment, each new version of an input surface is
written into a different buffer to the previous version of the
input surface. For example, new input surfaces may be written
to different buffers alternately or in sequence.

Once a given region or regions of an input surface have
been used to generate the corresponding region(s) in the
output surface, then it would be possible to retain that version
of the input surface in a buffer, for example for comparison
with the next version of the input surface that is generated.
However, where, as discussed above, information, such as
signatures, representative of the content of the input
surface(s) are used for the change checking process, it is only
necessary to retain the “signature” information for the input
surface that was used to generate the current version of the
output surface, and not the actual content of that input surface
in a buffer (since the input surface buffers content has already
been used to generate the current version of the output sur-
face).

Thus, in some embodiments, once the output surface has
been generated using a new version of an input surface, that
input surface is allowed to be overwritten in the buffer where
it is stored. In these cases, however, a set of input surface
region “signatures” (or other information indicative of the
content of the input surface) for the version of the input
surface that was used to generate the current version of the
output surface, is maintained. Thus, in some embodiments,
two sets of “content” signatures (or other information indica-
tive of the content of a surface) are maintained for each input
surface, one set for the input surface that was used to generate
the current version of the output surface, and another set for
the next, new version of the input surface. These two sets of
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signatures (or other information) are then compared, as dis-
cussed above, to determine those regions of the input surface
that have changed.

Furthermore, as the output surface is regenerated with a
new version of the input surface, the set of signatures or other
content-indicating information for the input surface that was
used to generate the current version of the output surface (e.g.
that was used to generate the output surface as it exists in the
output buffer) is in some embodiments correspondingly
updated with the new signatures (or other content indicating
information) for the regions of the new version of the input
surface that was used to generate the current version of the
output surface. This could either be done, for example, by
updating the signature (or other content indicating informa-
tion) in the set of that information for the input surface that
was used to generate the current version of the output surface
for those regions of the input surface that have changed only,
or, for example, the complete set of signatures (or other con-
tent-indicating information) for the new version of the input
surface could simply be retained as, or copied to, the set of
signatures, etc., for the version of the input surface that was
used to generate the current version of the output surface.

The input surfaces from which an output surface is formed
may be updated at different rates or times. Thus, the method
may include checking whether an input surface has been
updated since the output surface was last regenerated and,
only performing steps (i)-(iii) for that input surface (or sig-
nature checks for that input surface) if the input surface had
been updated since the output surface was last regenerated.
Similarly, if an input surface has changed multiple times since
the output surface was last generated, the appropriate earlier
version of the input surface should be compared with the
current version of the input surface.

Two or three (or more) versions of the output surface may
be stored in buffers (i.e. the output surface might be double (or
triple) buffered). In such cases, it must be ensured that the
appropriate earlier version of the input surface region signa-
ture should be compared with the current input region signa-
ture. In other words, instead of comparing the current input
region signature with the previous output surface’s region
input signature, the current region input signature is com-
pared with the region input surface signature from the appro-
priate number of frames ago. Thus, in cases where the output
surface is double, triple or more buffered, (i.e. more than one
version of the output surface is stored in a bufter at a particular
time), corresponding additional signatures should also be
stored.

In some embodiments, the technology described herein is
used in conjunction with another frame (or other output)
buffer power and bandwidth reduction scheme or schemes,
such as, and in some embodiments, output (e.g. frame) buffer
compression (which may be lossy or loss-less, as desired).

In some embodiments, the apparatus comprises, and/or is
in communication with, one or more buffers and/or memory
devices that store the data described herein, and/or store soft-
ware for performing the processes described herein. The
apparatus may also be in communication with a host micro-
processor, and/or with a display for displaying images based
on the data generated by the data processing system.

The technology described herein can be implemented in
any suitable system, such as a suitably configured micro-
processor based system. In some embodiments, the technol-
ogy described herein is implemented in computer and/or
micro-processor based system.

The various functions of the technology described herein
can be carried out in any desired and suitable manner. For
example, the functions of the technology described herein can
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be implemented in hardware or software, as desired. Thus, for
example, the various functional elements and “means” of the
technology described herein may comprise a suitable proces-
sor or processors, controller or controllers, functional units,
circuitry, processing logic, microprocessor arrangements,
etc., that are operable to perform the various functions, etc.,
such as appropriately dedicated hardware elements (process-
ing circuitry) and/or programmable hardware elements (pro-
cessing circuitry) that can be programmed to operate in the
desired manner. Similarly, the display that the windows are to
be displayed on can be any suitable such display, such as a
display screen of an electronic device, a monitor for a com-
puter, etc.

It should also be noted here that, as will be appreciated by
those skilled in the art, the various functions, etc., of the
technology described herein may be duplicated and/or carried
out in parallel on a given processor. Equally, the various
processing stages may share processing circuitry, etc., if
desired.

The technology described herein is applicable to any suit-
able form or configuration of graphics processor and ren-
derer, such as processors having a “pipelined” rendering
arrangement (in which case the renderer will be in the form of
arendering pipeline). It is particularly applicable to tile-based
graphics processors, graphics processing systems, composi-
tion engines and compositing display controllers.

It will also be appreciated by those skilled in the art that all
of the described embodiments of the technology described
herein can include, as appropriate, any one or more or all of
the features described herein.

The methods in accordance with the technology described
herein may be implemented at least partially using software
e.g. computer programs. It will thus be seen that when viewed
from further embodiments the technology described herein
comprises computer software specifically adapted to carry
out the methods herein described when installed on one or
more data processors, a computer program element compris-
ing computer software code portions for performing the
methods herein described when the program element is run
on one or more data processors, and a computer program
comprising software code adapted to perform all the steps of
a method or of the methods herein described when the pro-
gram is run on a data processing system. The data processing
system may be a microprocessor, a programmable FPGA
(Field Programmable Gate Array), etc.

The technology described herein also extends to a com-
puter software carrier comprising such software which when
used to operate a graphics processor, renderer or other system
comprising one or more data processors causes in conjunc-
tion with said one or more data processors said processor,
renderer or system to carry out the steps of the methods of the
technology described herein. Such a computer software car-
rier could be a physical storage medium such as a ROM chip,
CD ROM, RAM, flash memory, or disk, or could be a signal
such as an electronic signal over wires, an optical signal or a
radio signal such as to a satellite or the like.

It will further be appreciated that not all steps of the meth-
ods ofthe technology described herein need be carried out by
computer software and thus from a further broad embodiment
the technology described herein comprises computer soft-
ware and such software installed on a computer software
carrier for carrying out at least one of the steps of the methods
set out herein.

The technology described herein may accordingly suitably
be embodied as a computer program product for use with a
computer system. Such an implementation may comprise a
series of computer readable instructions fixed on a tangible,
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non-transitory medium, such as a computer readable
medium, for example, diskette, CD ROM, ROM, RAM, flash
memory, or hard disk. It could also comprise a series of
computer readable instructions transmittable to a computer
system, via a modem or other interface device, over either a
tangible medium, including but not limited to optical or ana-
logue communications lines, or intangibly using wireless
techniques, including but not limited to microwave, infrared
or other transmission techniques. The series of computer
readable instructions embodies all or part of the functionality
previously described herein.

Those skilled in the art will appreciate that such computer
readable instructions can be written in a number of program-
ming languages for use with many computer architectures or
operating systems. Further, such instructions may be stored
using any memory technology, present or future, including
but not limited to, semiconductor, magnetic, or optical, or
transmitted using any communications technology, present or
future, including but not limited to optical, infrared, or micro-
wave. It is contemplated that such a computer program prod-
uct may be distributed as a removable medium with accom-
panying printed or electronic documentation, for example,
shrink wrapped software, pre loaded with a computer system,
for example, on a system ROM or fixed disk, or distributed
from a server or electronic bulletin board over a network, for
example, the Internet or World Wide Web.

FIG. 1 shows schematically the use of two input surfaces
la, 16 (which may, for example, be application windows
generated for display in a compositing window system) being
used to generate an output surface 2 (which may, e.g., be an
output window (frame) for display to a user).

As shown in FIG. 1, the respective input and output sur-
faces are each divided into a plurality of respective regions 11.
In the present embodiments these regions 11 correspond to
respective rendering tiles that a graphics processor that is
rendering the respective surfaces generates. However, other
arrangements and configurations of regions could be used if
desired.

The hatched regions in the input surfaces 1a and 15 indi-
cate the regions which contribute to a particular region of the
output surface 2 (also hatched). The dotted lines show how
those regions of the input surfaces 1a and 15 map onto the
corresponding region of the output surface 2. As can be seen
from FIG. 1, in this case there is 1:1 mapping between the
regions of the input surfaces 1a and 15 and the corresponding
region of the output surface 2 where those regions are to be
displayed.

FIG. 2 is similar to FIG. 1 except that there is not 1:1
mapping between the regions in the input surfaces 1a, 16 and
the region of the output surface 2. In this case, a single region
in each of the input surfaces 1a and 15 maps onto two regions
of the output surface 2, i.e. there is 1:n mapping, where n>1.
Although the output surface is still processed a region at a
time, a single region in an input surface may map onto mul-
tiple output regions.

FIG. 3 illustrates a case where there are three input surfaces
la, 15 and 1c. Here, from input surfaces 1a and 1¢, multiple
input surface regions (four and two, respectively) map onto a
single output surface region, i.e. there is n:1 mapping, where
n>1. From input surface 15, a single input surface region
maps onto a single output surface region, i.e. there is 1:1
mapping. Thus, there may be different mappings to the output
surface from different input surfaces.

In the present embodiment, in order to generate the output
surface 2 from the input surfaces 1a, 16 (and 1c¢) the output
surface 2 is generated one region 11 at a time, with each
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output surface region 11 being generated from the respective
input surface regions that contribute to that output surface
region.

Furthermore, in accordance with the technology described
herein, as part of this process it is determined whether any of
the contributing input surface regions have changed since the
output surface region in question was last generated, and if
any of the contributing input surface regions have changed,
then the output surface region is regenerated, but if it is
determined that none of the contributing input surfaces has
changed since the output surface region was last generated,
the output surface region is not regenerated, but rather the
existing version of the output surface region is retained.

To do this, when a new version of the output surface 2 is to
be generated from the input surfaces 1a, 15 (and 1¢), it is first
determined if any of the input surfaces have been trans-
formed. If any of the input surfaces are transformed (e.g.
resized, moved, rotated, moved forwards or backwards, etc.)
between versions of the output surface (e.g. between output
frames), then the output surface is simply regenerated from
the input surfaces as a whole (i.e. all of the regions of the
output surface are re-generated).

Otherwise, for each output surface region in turn, it is
determined if the input surface regions to be used to generate
the output surface region have changed since the output sur-
face region was last generated.

To do this, when each output surface region is to be gen-
erated, it is first determined which input surface regions con-
tribute to that output surface region.

The determination of which input surface regions contrib-
ute to a given output surface region is based, e.g., on the
process (e.g. algorithm) that is being used to generate the
output surface region from the input surfaces (as the, e.g.,
window compositing process will typically specify which
input surface regions should be used to generate a given
output surface region (and how)).

Alternatively, a record could be maintained of the input
surface regions that contributed to each respective output
surface region. FIG. 3 illustrates such an arrangement and
shows a possible labelling scheme for the regions of the input
surfaces la, 1b, 1c using alpha-numeric coordinates (in this
case x-coordinates 1-5, and y-coordinates a-d).

In this case, when it is determined which regions of the
input surfaces 1a, 15, 1¢ map onto a particular region of the
output surface 2, meta data is stored for that region of the
output surface 2 recording this.

For example, in the case of FIG. 3, the meta data stored for
the hatched region of the output surface 2 could be:

Surface 1a: (35, 4b, 3¢, 4c)

Surface 15: (4b)

Surface 1¢: (35, 3¢)

Thus, for each input surface 1a, 15, 1¢, the regions which
map onto a given region of the output surface 2 are recorded
with alpha-numeric coordinates. Of course, other coordinate
or region-labelling schemes could also be used to indentify
the regions of the input surfaces, such as simply numbering
the regions in a given order.

In the present embodiment, only visible input surface
regions (for an output surface region) are considered as con-
tributing to an output surface region and compared (as some
input surfaces may be “displayed” behind other input sur-
faces which are opaque).

FIG. 4, which is similar to FIG. 3, illustrates this and shows
that the mapped region 22 of input surface 15 is opaque. This
is indicated by solid shading. The order in which the input
surfaces 1a, 15, 1¢ are to be displayed on the output surface 2
is, in this case, from bottom to top, 1c¢, 15, 1a. Thus, since the
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mapped region 22 of surface 15 is opaque, the mapped region
23 of surface 1c is not visible in the output surface 2, i.e. it is
masked by the opaque region 22 of surface 15. This means
that there is no need for any data relating to the mapped region
23 of surface 1c¢ to be stored and/or checked. In this case the
meta data regarding the output surface contribution for the
region, if used, may simply consist of:

Surface 1: (35, 4b, 3¢, 4¢)

Surface 2: (4b)

Once the input surface regions that will contribute to a
given output surface region have been determined, it is then
determined whether any of those input surface regions have
changed since the output surface region was last generated.

In the present embodiment, this is done by comparing
signatures representative of the content of the versions of the
input surface regions that were used to generate the version of
the output surface region that is currently stored for the output
surface, with signatures representative of the content of the
versions of the input surface regions that are to be used to
generate the new version of the output surface region.

To do this, for each input surface region, a corresponding
signature representative of its content is generated and stored
(the signature generation process will be described in more
detail below). Two sets of input surface region content-rep-
resenting signatures are maintained, one set for the versions
of the input surface regions that we used to generate the
version of the output surface region that is currently stored for
the output surface, and one set representative of the content of
the versions of the input surface regions as they currently
stand (i.e. that would be used to generate a new version of the
output surface region at the time in question).

Then, in order to determine whether any of the input sur-
face regions that will contribute to a given output surface
region have changed since the output surface region was last
generated, for each respective pair of versions of each con-
tributing input surface region (i.e. the version of the input
surface region that was used to generate the version of the
output surface region that is currently stored for the output
surface and the version of the input surface region that is to be
used to generate the new version of the output surface region),
the content-representing signatures are compared, and if the
signatures are the same, the input surface region is considered
not to have changed, but if the signatures differ, the input
surface region is considered to have changed.

If it is determined that all the input surface regions that
contribute to (that will be used to generate) the output surface
region have not changed since the output surface region was
last generated, then the output surface region is not regener-
ated, but rather the currently stored version of the output
surface region is reused. Otherwise, the output surface region
is regenerated using the appropriate input surface regions.
This process is repeated for each output surface region.

FIG. 5 shows an example of an input surface 1z (with a
mapped area consisting of regions 35, 4b, 3¢ and 4c¢), with a
corresponding set of signatures 3.

FIG. 6 shows how the surface and signature data may be
stored in memory 4. For each input surface (in this example
there are two), the data from which the surfaces are formed is
stored in parts of memory 5a and 54, and corresponding
content-indicating signatures are stored in parts of memory
6a and 6b. As discussed above, two sets of corresponding
content-indicating signatures are stored in the parts memory
6a and 64, one set representative of the content of the versions
of the input surface regions that we used to generate the
currently stored output surface, and the second set of signa-
tures representative of the content of the versions of the input
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surface regions as they currently stand (i.e. that will be used to
generate any new version of the output surface).

For the output surface, the data from which the surface is
formed is stored in part of memory 7 (and, if required, meta
data indicating which regions of which input surfaces were
used to generate the output surface regions is stored in part of
memory 8).

FIG. 7 illustrates this operation. As shown in FIG. 7, the
process starts when a new version of the output surface is
required (step 80). This may be because, for example, a dis-
play needs to be refreshed.

The input surfaces that are to be used to generate the output
surface are determined (step 81), and it is then checked
whether any of those input surfaces has been transformed
since the previous version of the output surface was generated
(step 82).

If any one (or more) of the input surfaces has been trans-
formed, then the output surface as a whole is regenerated (step
83).

On the other hand, if none of the input surfaces has been
transformed, then for each region of the output surface in turn,
it is first determined which input surface regions will contrib-
ute to that output surface region (step 84). Then the stored
signatures for the respective versions of the determined input
surface regions are compared to determine if the contributing
input surface regions for the output surface region in question
have changed (step 85).

If it is determined that any one or more of the contributing
input surface regions for an output surface region has changed
(step 86), then the output surface region is regenerated (step
87) using the appropriate contributing input surface regions.
Otherwise, the existing output surface region is reused with-
out regenerating the output surface region (step 88). This is
repeated for each output surface region (step 89) until the
whole output surface has been regenerated (if required).

The regenerated output surface may later be used as an
input surface. Thus, as an output surface region is being
regenerated (step 87), in some embodiments this step
includes generating and storing a signature for the output
surface region.

There may usually only be a few input surfaces when
generating an output surface. However, in order to reduce the
amount of data written (and resources required to check if the
input surface regions have changed), in the present embodi-
ment only a limited number of surfaces and regions are con-
sidered and logged. If a large number of input surface regions
are used to build the output surface region, a content-indicat-
ing signature for the entire input surface is used instead for the
comparison. If a large number of input surfaces are used, the
output surface region is simply be marked not to be com-
pared—and must be regenerated in the next version of the
output surface.

Also, in the present embodiment, an output surface region
is regenerated irrespective of whether its contributing input
surface regions have changed or not, if the output surface
region has been unchanged for a selected, threshold number
of versions of the output surface (e.g. output frames). To
facilitate this, saturating counters that count the number of
versions of the output surface (e.g. new frames) that an output
surface region has been unchanged for could be stored, if
desired. This can help to ensure that erroneous signature
matches do not cause erroneous output for an extended period
of time.

As discussed above, it is believed that the technology
described herein will have particular application to compos-
iting window systems, i.e. in which the contents of windows
to be displayed on a display, e.g., for a graphical user inter-
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face, are first drawn into “off-screen” memory buffers (win-
dow buffers), and then combined (composited) and the result
written to the frame buffer for the display to be displayed.

In this case, the input surfaces discussed above will be the
input windows to be displayed, and the output surface will be
the final, output, composited output window (frame).

FIGS. 8 to 11 show schematically such a compositing
window system to which the technology described herein can
be applied.

FIG. 8 illustrates the window compositing process and
shows schematically the generation of windows for two
applications 10a, 105 such as games, productivity applica-
tions (e.g. word-processor, spreadsheet), etc., to be displayed
on a display 60. The display 60 may be any suitable form of
electronic display, such as a screen of a monitor for a personal
computer, a screen of a device such as a phone, tablet, PDA,
etc.

As shown in FIG. 8, as successive versions of the windows
to be displayed are generated, they are written into respective
window buffers 20, 30. The window buffers 20, 30 are read by
a compositor 14 and written to the frame buffer 50 for the
display for display. This writing can, as is known in the art,
involve, for example, blending the windows, applying some
form of geometric transformation to the windows as they are
written from the window buffer to the frame buffer, etc.,
and/or just be an opaque copy. When an input window needs
to be updated (for example due to user interaction), the win-
dow is redrawn into a new window buffer, from which the
compositor 14 then writes the new version of the window to
the display’s frame buffer 50.

The display frame buffer 50 is then read to display the
frame on the display 60.

FIG. 9 shows schematically this operation in a system that
operates in the manner of the embodiment of the technology
described herein.

As shown in FIG. 9, as respective versions of the windows
for the applications 10a, 105 are written into the window
buffers 20, 30, corresponding sets of per tile signatures
indicative of the content of each respective tile in the window
buffers are stored in association with the corresponding win-
dow buffer. This is done each time a new version of an
application window is generated and written to a window
buffer.

Then, when an updated version of the output frame (win-
dow) is required (e.g. due to a display refresh) the above
process of the embodiment of the technology described
herein is used when generating the new version of the output
frame.

Thus, as discussed above, it will first be determined if any
of'the input windows have been transformed since the output
frame was last generated, and if so, the output frame (i.e. the
output frame tiles) will simply be regenerated.

Otherwise, for each output frame buffer tile, it will be
determined which input window tiles contribute to that output
frame buffer tile, and then corresponding content-indicating
signatures for the respective input window tiles will be com-
pared to determine whether the input window tiles have
changed. If the input window tiles have not changed, then the
previous output frame buffer tile will be reused and the output
frame buffer tile regeneration will be skipped. Otherwise, the
output frame bufter tile will be regenerated. This is repeated
for each respective output frame buffer tile in turn (or in
parallel), regenerating any output frame buffer tiles as
required.

This process may be done, for example, by the application
itself, by the compositor 14, or by any other suitable element
or component of the system.
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In this embodiment, it is assumed that the compositor 14 is,
asisknown in the art, a separate process running in the system
which copies window buffers from several applications in the
system. The compositor 14 may use alpha-blending, transfor-
mations or other techniques rather than straight copies when
writing a window to a display frame buffer 50, if desired. The
technology described herein can also be used when an appli-
cation is responsible for writing its own window buffers to the
display frame buffer 50.

This process is repeated whenever a new version of the
output frame is to be generated, as new versions of the output
frame are generated.

Although in the above embodiments, the output surface is
written to a frame buffer for display on a display, other
arrangements would be possible. For example, in some
embodiments, the output surface may also or instead later be
used as an input surface. Similarly, the output surface might
not be sent to the display but might be sent across a network,
e.g. to aremote display. In some embodiments, once an output
surface region has been generated, it may be sent directly to a
display without writing it to memory.

The generation of the per-tile signatures for the input win-
dows in the present embodiments will now be described in
more detail.

In the present embodiments, the input windows to be dis-
played (the input surfaces) are generated by a graphics pro-
cessing system. FIG. 10 shows schematically an arrangement
of a graphics processing system that can be used in embodi-
ments of the technology described herein.

The graphics processing system includes, as shown in FIG.
10, a tile-based graphics processor or graphics processing
unit (GPU) 61, which, as is known in the art, produces tiles of
a surface to be generated by the GPU 61.

As is known in the art, in such an arrangement, once a tile
has been generated by the graphics processor 61, it would
then normally be written to a buffer in memory 62, e.g., via an
interconnect 63 which is connected to a memory controller
64. Sometime later the buffer will, e.g., be written, as dis-
cussed above, to a frame buffer for display on a display.

In the present embodiment, this process is modified by the
use of a signature generation hardware unit 65. In essence,
and as will be discussed in more detail below, the signature
generation unit 65 operates to generate for each tile a signa-
ture representative of the content of the tile.

FIG. 11 shows the signature generation unit 65 in more
detail.

As shown in FIG. 11, tile data is received by the signature
generation unit 65 from the graphics processor 61 and is
passed both to a bufter 71 which temporarily stores the tile
data while the signature generation process takes place, and a
signature generator 70.

The signature generator 70 operates to generate the neces-
sary signature for the tile. In the present embodiment the
signature is in the form of a 32-bit CRC for the tile.

Other signature generation functions and other forms of
signature such as hash functions, etc., could also or instead be
used, if desired. It would also, for example, be possible to
generate a single signature for an RGBA tile, or a separate
signature for each colour plane. Similarly, colour conversion
could be performed and a separate signature generated for
each ofY, U and V. In order to reduce power consumption, the
tile data processed by the signature generator 70 could be
reordered (e.g. using the Hilbert curve), if desired.

Once the signature for the new tile has been generated, it is
stored, as discussed above, in a per-tile signature buffer that is
associated with the version of the surface in question in the
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memory 62, under the control of a write controller 72. The
corresponding tile data is also stored in the appropriate buffer
in the memory 62.

As will be appreciated from the above, the technology
described herein, in some embodiments at least, can be used
to avoid write traffic and processing for sections of an output
surface that don’t actually change from one version of the
output surface to the next (e.g. in the case of a user interface).
This can save a significant amount of bandwidth and power
consumption in relation to the output surface generation
operation.

This is achieved, in some embodiments of the technology
described herein at least, by determining whether the input
surface regions that contribute to an output surface region
have changed or not, and regenerating the output surface
region if it is determined that the input surface regions that
contribute to the output surface region have changed, but if
the contributing input surface regions have not changed, then
not regenerating the output surface region.

The foregoing detailed description has been presented for
the purposes of illustration and description. It is not intended
to be exhaustive or to limit the technology to the precise form
disclosed. Many modifications and variations are possible in
the light of the above teaching. The described embodiments
were chosen in order to best explain the principles of the
technology and its practical application, to thereby enable
others skilled in the art to best utilise the technology in vari-
ous embodiments and with various modifications as are
suited to the particular use contemplated. It is intended that
the scope be defined by the claims appended hereto.

What is claimed is:

1. A method of generating an output surface from one or
more input surfaces in a data processing system, the method
comprising:

generating the output surface as a plurality of respective

regions that together form the output surface, each
respective region of the output surface being generated
from a respective region or regions of one or more input
surfaces; and

when a new version of the output surface is to be generated,

for at least one region of the output surface:

(1) determining which region or regions of the input surface

or surfaces contribute to the region of the output surface;

(i1) checking whether the contributing region or regions of

the input surface or surfaces have changed since the
previous version of the output surface region was gen-
erated; and
(ii1) if there has been a change in the contributing region or
regions of the input surface or surfaces since the previ-
ous version of the region in the output surface was gen-
erated, regenerating the region of the output surface,

wherein there are two or more input surfaces and the
method comprises performing steps (i) and (ii) for each
input surface, and if there has been a change in the
contributing region or regions of any of the input sur-
faces since the previous version of the output surface
region was generated, regenerating the region of the
output surface, and

wherein the data processing system is a compositing win-

dow system, and the input surfaces each comprise
respective input windows that are to be composited into
an output window.

2. A method as claimed in claim 1, comprising performing
steps (1) to (iii) for each region of the output surface.
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3. A method as claimed in claim 1, wherein step (i)
includes:

determining which region or regions of an input surface

will be visible in the output surface region.

4. A method as claimed in claim 1, comprising determining
which region or regions of the input surface or surfaces con-
tribute to a region of the output surface based on the process
that is to be used to generate the output surface from the input
surface or surfaces.

5. A method as claimed in claim 1, comprising determining
which region or regions of the input surface or surfaces con-
tribute to a region of the output surface based on a stored
record indicating which region or regions of the input surface
or surfaces contribute to the region of the output surface.

6. A method as claimed in claim 1, wherein step (ii) com-
prises checking whether a signature or signatures represent-
ing the content of the contributing input surface region or
regions have changed since the previous version of the output
surface region was generated.

7. A method as claimed in claim 1, wherein step (iii) com-
prises generating and storing a signature or signatures repre-
senting the content of the output surface region that has been
regenerated.

8. A method as claimed in claim 1, wherein if the number
of input surface regions that contribute to the output surface
region exceeds a threshold number, step (i1) comprises check-
ing whether a signature or signatures representing the content
of the contributing input surface or surfaces have changed
since the previous version of the output surface region was
generated.

9. A method as claimed in claim 1, comprising if the num-
ber of input surface regions that contribute to the output
surface region exceeds a threshold number, regenerating the
region of the output surface without performing steps (ii) and
(iii) for the output surface region.

10. A method as claimed in claim 1, comprising, when a
new version of the output surface is to be generated:

first determining if any of the input surfaces that are to be

used to generate the output surface have been trans-
formed since the previous version of the output surface
was generated; and

if any of the input surfaces that will be used to generate the

output surface has been transformed since the previous
version of the output surface was generated, regenerat-
ing all of the regions of the output surface; or

ifnone of the input surfaces that will be used to generate the

output surface has been transformed since the previous
version of the output surface was generated, performing
steps (1), (i1) and (iii) for at least one region of the output
surface.

11. A method as claimed in claim 1, comprising, when a
new version of the output surface is to be generated:

first determining if any of the input surfaces that are to be

used to generate the output surface have been trans-
formed since the previous version of the output surface
was generated; and

if any of the input surfaces that will be used to generate the

output surface has been transformed since the previous
version of the output surface was generated, determining
which region or regions or the output surface will be
altered as a consequence of the transformed input sur-
face or surfaces, and regenerating that region or those
regions of the output surface; or

ifnone of the input surfaces that will be used to generate the

output surface has been transformed since the previous
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version of the output surface was generated, performing
steps (1), (i1) and (iii) for at least one region of the output
surface.

12. A method as claimed in claim 1, further comprising
checking whether an input surface has been updated since the
output surface was last regenerated and, only performing
steps (i)-(iii) for that input surface if the input surface had
been updated since the output surface was last regenerated.

13. An apparatus for generating an output surface from one
or more input surfaces in a data processing system, the appa-
ratus comprising:

memory that stores one or more input surfaces to be used to

generate an output surface; and

processing circuitry configured to generate an output sur-

face as a plurality of respective regions that together
form the output surface, each respective region of the
output surface being generated from a respective region
or regions of one or more of the input surfaces; wherein:

the processing circuitry is further configured to, when a

new version of the output surface is to be generated:
for at least one region of the output surface, determine

which region or regions of the input surface or surfaces

contribute to the region of the output surface;

check whether the contributing region or regions of the

input surface or surfaces have changed since the previ-
ous version of the output surface region was generated;
and

if there has been a change in the contributing region or

regions of the input surface or surfaces since the previ-

ous version of the region in the output surface was gen-

erated, regenerate the region of the output surface,
wherein:

there are two or more input surfaces;

the processing circuitry is configured to:

determine which region or regions of the input surface or
surfaces contribute to the region of the output surface;
and

check whether the contributing region or regions of the
input surface or surfaces have changed since the pre-
vious version of the output surface region was gener-
ated;

for each input surface, the processing circuitry is config-

ured to:

regenerate the region of the output surface if there has been

a change in the contributing region or regions of any of
the input surfaces since the previous version of the out-
put surface was generated,

the data processing system is a compositing window sys-

tem, and the input surfaces each comprise respective
input windows that are to be composited into an output
window.
14. An apparatus as claimed in claim 13, wherein the pro-
cessing circuitry is configured to:
determine which region or regions of the input surface or
surfaces contribute to the region of the output surface;

check whether the contributing region or regions of the
input surface or surfaces have changed since the previ-
ous version of the output surface region was generated;
and

if there has been a change in the contributing region or

regions of the input surface or surfaces since the previ-
ous version of the region in the output surface was gen-
erated, regenerate the region of the output surface;

for each region of the output surface.

15. An apparatus as claimed in claim 13, wherein the pro-
cessing circuitry determining which region or regions of the
input surface or surfaces contribute to the region of the output



US 9,182,934 B2

25

surface includes determining which region or regions of an
input surface will be visible in the output surface region.

16. An apparatus as claimed in claim 13, wherein the pro-
cessing circuitry is configured to determine which region or
regions of the input surface or surfaces contribute to a region
of'the output surface based on the process that is to be used to
generate the output surface from the input surface or surfaces.

17. An apparatus as claimed in claim 13, wherein the pro-
cessing circuitry is configured to determine which region or
regions of the input surface or surfaces contribute to a region
of the output surface based on a stored record indicating
which region or regions of the input surface or surfaces con-
tribute to the region of the output surface.

18. An apparatus as claimed in claim 13, wherein the pro-
cessing circuitry is configured to check whether the contrib-
uting region or regions of the input surface or surfaces have
changed since the previous version of the output surface
region was generated by checking whether a signature or
signatures representing the content of the contributing input
surface region or regions have changed since the previous
version of the output surface region was generated.

19. An apparatus as claimed in claim 13, wherein the pro-
cessing circuitry is configured to, if the number of input
surface regions that contribute to the output surface region
exceeds a threshold number, check whether the contributing
region or regions of the input surface or surfaces have
changed since the previous version of the output surface
region was generated by checking whether a signature or
signatures representing the content of the contributing input
surface or surfaces have changed since the previous version of
the output surface region was generated.

20. An apparatus as claimed in claim 13, wherein the pro-
cessing circuitry is configured to, if the number of input
surface regions that contribute to the output surface region
exceeds a threshold number, regenerate the region of the
output surface without checking whether the contributing
region or regions of the input surface or surfaces have
changed since the previous version of the output surface
region was generated.

21. An apparatus as claimed in claim 13, wherein the pro-
cessing circuitry is configured to:

when a new version of the output surface is to be generated,

first determine if any of the input surfaces that are to be
used to generate the output surface have been trans-
formed since the previous version of the output surface
was generated;

and to:

if any of the input surfaces that will be used to generate the

output surface has been transformed since the previous
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version of the output surface was generated, regenerate
all of the regions of the output surface; or
ifnone of the input surfaces that will be used to generate the
output surface has been transformed since the previous
version of the output surface was generated, for at least
one region of the output surface:
determine which region or regions of the input surface or
surfaces contribute to the region of the output surface;
check whether the contributing region or regions of the
input surface or surfaces have changed since the pre-
vious version of the output surface region was gener-
ated; and
if there has been a change in the contributing region or
regions of the input surface or surfaces since the pre-
vious version of the region in the output surface was
generated, regenerate the region of the output surface.
22. A non-transitory, computer readable storage medium
storing computer software code which, when executed on a
processor, performs a method of generating an output surface
from one or more input surfaces in a data processing system,
the method comprising:
generating the output surface as a plurality of respective
regions that together form the output surface, each
respective region of the output surface being generated
from a respective region or regions of one or more input
surfaces; and
when a new version of the output surface is to be generated,
for at least one region of the output surface:
(1) determining which region or regions of the input surface
or surfaces contribute to the region of the output surface;
(i1) checking whether the contributing region or regions of
the input surface or surfaces have changed since the
previous version of the output surface region was gen-
erated; and
(ii1) if there has been a change in the contributing region or
regions of the input surface or surfaces since the previ-
ous version of the region in the output surface was gen-
erated, regenerating the region of the output surface,
wherein there are two or more input surfaces and the
method comprises performing steps (i) and (ii) for each
input surface, and if there has been a change in the
contributing region or regions of any of the input sur-
faces since the previous version of the output surface
region was generated, regenerating the region of the
output surface, and
wherein the data processing system is a compositing win-
dow system, and the input surfaces each comprise
respective input windows that are to be composited into
an output window.
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